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ABSTRACT 

We present the results of a survey of archival 1 1 j If high 
dispersion spectra of 42 BG-A2 stars within 200 pc Five 
of the program stars showed significant (J IV and Si IV 
absorption All of the stais with detected C IV have o sm 
t >190 km s“‘ Sharp absorption coies were present in Si 1 1 A 
1533 in 3 of the objects, indicating that these are previously 
unrecognized shell stars. Three of the stars have variable or 
asymmetric C IV profiles which are consistent with the C 
IV and Si IV being produced in stellar winds. One star had 
C IV in the form of a shortward-slnftcd discrete absorption 
component, similar to those observed m Be stars. The data 
arc compared with similar data for Be and B shell stais. 
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I. INTRODUCTION 

Recent studies of nearby, apparently normal B8-A0 stars 
using IUE data have detected C IV and Si IV The presence 
of these ions in the spectra of such cool stars has been in- 
terpreted as evidence for the presence of C IV and Si IV in 
the local interstellar medium (Ref 1, 2), since these stars 
aie clearly too cool to photoionize the surrounding inter- 
stellar gas and produce these ions. Although measurable 
amounts of C IV and Si IV, arising in evaporative interfaces 
or cloud skins should be observable over large path lengths, 
the presence of these ions over such short lines-of-sight could 
pose a significant problem for our current understanding of 
the physical processes occurring in the interstellar medium 
(ISM). Alternatively, if C IV and Si IV were to have a stellar 
origin, it would remove the need to provide an interstellar 
interpretation. Instead, we would be confronted with ex- 
plaining how these ions can be present in spectra of stars 
with only T e jj =10,000 - 12,000 K. 

Yet, studies of Be and shell stars with spectral types 
from B0.5-B9.5 show that C IV and Si IV are common (Ref 
3, 4) and seem to be closely linked to stellar mass loss The 
C IV features in the B0-B9 5e stars show shortward-shifted 
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and often asy metric absoiption Significant line prolife vari- 
ations <u e known m four of those stars. A fin t her (haractcr- 
ist u of the Be stellar winds is that, 0 IV features aie detected 
only m objects with i; sin i > 150 km s~* Slettebak and 
Carpenter (Ref 5) in a piehininary study of stellar winds 
m both nonnal and emission line stars found evidence for 
C JV and Si IV in the normal stais at later spedial t} pes 
than would be expected based on simple radiation-pressure 
dn\cn stellar wind models Their survey included only sin- 
gle observations of a few' stars, precluding evaluation of the 
souicc of the highly ionized rnatenai. 

2 PROGRAM STAR SELECTION CRITERIA 

We have lestncted our survey to B6 to A2 stais within 
approximately 200 pc More distant stais vveie excluded, 
both because the lines of sight would have a larger proba- 
bility of intersecting one or more evaporative interfaces or 
cloud skins, and because the stellar spectia would require 
longer exposure times, and hence have lower signal to noise 
Oui sample includes only stars in luminosity classes V- III, 
excluding more evolved objects which may retain highly ion- 
ized stellar winds as they evolve ofr the main sequence. We 
have further restricted the sample to stars with V<(i. since 
these stars have more reliable stellai data, and highei signal- 
to-noise ratio IUE spectra. A total of 42 stars with 92 IUE 
SWP high dispersion spectra met our requirements Fig- 
ure 1 shows the distribution of program stars in galactic 
longitude, latitude, and distance from the Sun. 

3. LINE IDENTIFICATION AND ANALYSIS 

Two factors limit our ability to detect weak absoiption 
features in the IUE spectra. The first is the finite S/N 
ratio of the data. Typically, for well-exposed spectral re- 
gions a detection limit near 15 mA is implied for sharp 
interstellar- like features in optimally exposed 0 and early- 
type B star spectra. Our program stars, covering B7-A2, 
are cooler and hence have less flux in the vicinity of 1550 
A or MOO A , resulting in many cases in detection lim- 
its of ajipioximately 30 mA . This limit corresponds to 
l () g( l>sl C7p) = I2.S6 for the 1548 member of the resonance 
doublet, and to log( N S}IV )= 1 2.52 for the 1393.7 A line, 
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Figure 1. Locations of the stais included m the survey 
projected onto the galactic plane. Each aide icptesents a 
distance of 100 pc. Full} filled symbols indicate the stars 
with definite C IV and Si IV absoiption. Partial!} filled 
symbols indicate the five additional stars wheie some C IV 
and Si IV absorption is possible, but blending of with other 
spectial lines is sufficiently strong that a positive identifi- 
cation is not possible 'The remaining program stars aie 
plotted with open symbols, with upward pointing triangles 
indicating stais with /) > '15° and downward pointing trian- 
gles indicating stars with b < -45° III) 23383 is not shown 
m this figure since the distance to the star is uncertain. 

under the assumption that the absorption features aie on 
the linear part of the curve of growth. The second, and typ- 
ically the most important, factor limiting the detectability 
of weak absorption features is contamination of the region of 
interest by other lines. f I he UV spectra of BS-A2 stars are 
rich m lines due to singly ionized elements. Fe II lines are 
particularly prominent, especially in the vicinity of the C 
IV and Si IV resonance lines, and may be sufficiently strong 
and blended that only large and uncertain upper limits can 
be placed on the amount of absorption from these highly 
ionized species. Our criteria for identification of C IV and 
Si IV absorption in the spectra of these stars rests on the 
following criteria. 

1. Sharp or strong absorption features must be visible at 
oi near the rest wavelengths of the G IV and Si IV reso- 
nance doublet transitions. Piactically, this corresponds 
to a requirement that the absorption feature have a 
depth which is more than 5 percent deeper than the 
envelope of noise and othei weak spectral features in 
the vicinity. 

2. The absorption features in both membeis of the reso- 
nance doublet, and preferably in both the C IV and 
Si IV doublets must coincide in velocity In this pro 
cess we have utilized the reliable relative internal wave- 
length scale of the SWP camera. Previous studies over 
the wavelength range 1200-1500 A have shown that ra- 
dial velocity measurements of sharp photosphenc or in- 
terstellar features internal to an IUF image are icpro- 


dii( iblr l,u ±2 kins -1 , w 1 1 1 le lima Mi i ('1 units ol si m i lai fra- 
tuit'.s hom image to image suggest that one < an a< hieve 
<in aiLin.uy ol ±4 -5 km s _, with optimally exposed 
data (Kef 3) 

3 Absorption from the lowei f- value membei of each dou- 
blet should not be strongei than that pioduced by the 
higher f- value line. In the (ascot C IV, Fe II absorption 
can contaminate the A 1550 line 

4. RESULTS 

Fi\c of the progiam stars showed definite C IV and Si 
IV absorption An additional fi\e stars may have some C IV 
and Si IV, but the absoiption features are highly blended 
with adjacent absorption lines, predominantly those of Fe 
11, precluding reliable measurements. The remainder of this 
section will be devoted to the stars with firm detections. 

IIR 1147 (I ID 23383, D9 Vnn, Ref. 6, usin ? =440, Re}. 
1 ). — Absorption in C IV and Si IV was first reported in this 
star’s spectrum by Molaro et al . (Ref. 1). In addition to C 
IV and Si IV absorption features which are visible in both 
members of the resonance doublets, a strong absorption core 
is piosent in the Si II A 1533 4 line at the same radial velocity 
as the highly ionized features 

7r^ On (111) 30739, Al Vn< Ref 6, v sin ? =235, Ref 
1 ). — Strong (300 in A) C IV and Si IV absorption featuies 
aie present in the IUF spectrum of this spectroscopic bi- 
nary The IUF data do not indicate the presen ced of a 
sharp absoiption core m Si 1 1 A 1533 4 

IIR 2191 (HD 42477, A0 Vnn, Ref 6 v sin ? =220, 
Ref. 7 ). — The IUF spectrum of this star shows stiong C 
IV (\V a =270 in A) and Si IV features with minimal contam- 
ination by adjacent spectral lines. The radial \clocities of 
the highly ionized features coincide with the radial veloci- 
ties of the absorption cores of the two Si II lines. Both the 
higher oscillator strength C IV and Si IV profiles show blue 
asymmetric absorption to -135 and -111 kins -1 respectively, 
suggesting that, a stellar wind is piesent. 

Z Ccn (HD 119921, A0 V, Ref 6, v sin 1 =437 km s -1 . 
Ref 6) — Hie presence of strong C IV and Si IV absoip- 
tion 111 the IUF spectra of this star was first repoited by 
Fieire Ferrero and Ferlct (Ref. 2) They suggested that the 
C IV and Si IV were produced in the mtcistcllar medium 
due to the comparatively late spectral type for this object. 
Despite the high v sin \ , a sharp absorption core is present 
in Si II A 1533. Inspection of the 4 SWP spectia of this 
star reveals some line profile variability m both C IV and 
Si IV. In one spectrum, SWP 2266S. the higher oscillator 
strength members of the resonance doublets show two dis- 
crete absorption components at -155 and -GO km s -1 This 
spcctium also has the highest C IV edge velocity detected, 
-240 km s -1 . Idle other images only showed one absorption 
component, which is displaced shortw'ard of the Si II ab- 
sorption core by 50 km s -1 The Si II absorption core is 
also variable wuth equivalent widths ranging from 49 to 1G0 
niA. 

The presence of variablity in both the highly ionized 
and Si II features rules out an interstellar origin for the C 
IV and Si IV in this star. The presence of blue-asymetric 
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Figure 2 C IVAAI54S,1550 and Si II (2) AA 1526, 1 Add 
m B9 stars. Kadi spectrum has been continuum normalized 
and offset for claiily of presentation The top spectium is a 
normal B star, III) 26793, showing no C IV oi cncumslel- 
lai Si II absorption. The cii ( umstellai shell absoiptaon is 
pai t.icularly well developed m the spectium of II D 23383 rr 
I lei (III) 1 4 9 G T 0 ) shows both strong Si II absoiption and C 
IV 



Wavelength (A) 


Figuie 3 C IV and Si II at AO. 'The spectia have been 
noimabzed and offset as in Figuie 2 Hie top spectium of 
III) 21686 shows an AO star without (J IV absorption III) 
110021 shows especially strong C IV absoiption 


absorption profiles and multiple discrete absorption com- 
ponents suggests, together with the detection of the Si II 
absorption core that this star is a previously uniet ogni/ed 
Ae/shell star. 


rr Her (HD 149630 , B9 V, Rif. 6 o sin i =280 Ref. 7).— 
The UV spectrum of this' star is characterized by strong C 
IV (550 in A) and Si IV absorption. The C IV A 1548 pro- 
file is blue asymetrir, with an edge velocity of -250 km s _l , 
consistent with the existence of a strong stellar wind. Sig- 
nificant profile variability is observed from SWP 2SS36 to 
SWT 20108, when the C IV equivalent width increased by 
200 mA . A sharp absorption core contributing 100 mA is 
present in Si IIA1533 This object has a large IRAS 12 mi- 
cron excess. 

5 INTKRKRKTATION 

Four out of the five program stars showing C IV and 
Si IV in their UV spectra have significant line profile vari- 
ations in those lines, blue-asymcti ic absorption profiles, or 
significant absorption in Si IIA1533.4 An interstellar origin 
for the C IV and Si IV can be immediately ruled out for 
the two program stars Z Cen. and rj Ilei which show line 
profile variability similar to that observed in Be stars One 
star, III) 42477, has been observed too infrequently with 
the 1UK to determine whether it also lias variable C IV or 
Si IV. Interstellar absorption would be expected, especially 
over 1 1 1 < 3 short path lengths to these stais to comprise at 
most, at lUF’s resolution, one essentially Gaussian absorp- 
tion feature. Absorption profiles which are asymetric on the 
short-wavelength side of the profile, or variable absorption 
profiles are characteristic of stellar wind profiles. Thus, the 
available data foi three of the progiain stars, suggest the 
production of C IV and Si IV m winds, rather than m the 
lo< al mtei stellai medium 

I wo of the stars with vanable wind profiles also show 7 
Si II A 1533.4 absorption, as docs one other progiam star, 
III) 23383. The dete< t ion of a shat p absor ptiou coie in Si 1 1 
in these high o sin i stais is particularly significant. The A 
1 733 4 hue aiise.s from a .J level 287 cm * above the 0 Volt 
level w Inch is responsible for the 1 726 7 line, which t} pically 
lias a stiong interstellar contribution to the absoiption. As 
a result of being an excited state line, the population of the 
1533 4 line is highly density sensitive and and is produced in 

the interstellar medium only in high density clouds Eoi the 
short, path lengths to our program stars, and consequent low 
probability that the line of sight intersects a high-density 
cloud, any sharp absorption cores to the 1533.4 line are 
likely to be produced in the immediate circumstellai region 
rather than in intervening high density clouds. 

The only program star without detected profile variabil- 
ity, asymmetric profiles, oi evidence for a dense circumstel- 
lar shell is III) 30739 This star is noted as a spectroscopic 
binary, which could potentially account foi the presence of 
highly ionized species 

The strength of the C IV absorption, line piofilc vari- 
ations, distribution of C IV and Si IV absorption in radial 
velocity, and the presence of disc icte components are similar 
to the C IV and Si IV profiles obseived in the late-type Be 
stars (Ref. 4). Detection of a dense uicumstcllar shell via 
Si 1 1 A 1533.4 absoiption is also common among these stais, 
and is also seen in high v sin i A shell stars such as fi Pic 
The available data are consistent with at least 80 percent 
of the piogiam stars with 0 IV absorption being hitherto 
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unrecognized Be or B and A shell stars. 

The detetion of previously unrecognized Be or A shell 
stars is not unexpected, since the optical surveys, upon 
which identification is usually based, identify only those 
stars currently showing either Ha emission, or particularly 
strong circumstellar shell absorption. Long-term monitor- 
ing of selected bright Be stars has shown that the optical 
spectrum can alternate, on timescales of months to years, 
between an essentially normal B spectrum, to one showing 
emission lines, or to a spectrum dominated by shell absorp- 
tion features. In at least one case, UV signatures of mass 
loss, in the form of C IV absorption, have been observed to 
be present at a time when no emission was visible in Ha. 
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